The National Institute on Alcohol Abuse and Alcoholism (NIAAA) screening guide (SG) uses a 2-question screening process to identify adolescents at risk for alcohol use. The aim of this study was to identify the optimal screening rule in terms of identifying adolescents with alcohol use disorder (AUD) using the NIAAA questions by examining whether the cutpoint should vary by gender, race/ethnicity, grade, and/or age. Youth aged 12 through 18 years (N ϭ 1,573; 27% Black, 51% Hispanic) were screened using the NIAAA SG, and then completed a survey. We used receiver operating characteristic curve analyses to identify the optimal cutpoint for the NIAAA screener question on self-use with AUD as the outcome. We compared the resulting screening rule with the NIAAA SG rule. We found that the optimal cutpoint depended on age and grade of adolescents. The resulting screening rule was the same as the NIAAA SG, and thus independently validated the NIAAA SG, with the exception of screening for adolescents 18 years of age, for which a lower cutpoint was indicated. The performance of both screening rules was highly similar when applied to the study sample, with a sensitivity of 0.89 for the optimal screening rule and a sensitivity of 0.87 for the NIAAA SG. In settings in which the cost of a false positive is relatively low (depending on available resources and cost of the intervention), lower cutpoints for older adolescents should be considered, as this may increase sensitivity of identifying these individuals at risk for AUD.
Alcohol is the most commonly used substance among adolescents in the United States (Centers for Disease Control and Prevention, 2017) . In 2016, 18% of eighth graders and 56% of 12th graders drank alcohol in the past year (Monitoring the Future, 2017) . Furthermore, in 2015, an estimated 623,000 adolescents aged 12 to 17 (2.3% of all adolescents) had an alcohol use disorder (AUD), the medical diagnosis for severe problem drinking (Substance Abuse and Mental Health Services Administration, 2015) . Given that alcohol use during adolescence is associated with illicit drug use, higher risk of suicide, academic problems, and poorer mental health (Barnes, Welte, & Hoffman, 2002; Berg et al., 2013; Miller, Naimi, Brewer, & Jones, 2007; Swahn, Bossarte, & Sullivent, 2008; Zeigler et al., 2005) , it is important to identify these adolescents and ensure that they receive appropriate counseling and access to services.
The primary care (PC) setting offers health care providers an ideal opportunity to screen adolescents for alcohol use and offer needed care (Bloom, Cohen, & Freeman, 2009 ). The National Institute on Alcohol Abuse and Alcoholism (NIAAA) developed a brief screening guide (SG) designed to screen adolescents in pediatric settings using two simple questions: one about the individual's own drinking behavior and another about drinking behavior of friends (National Institute on Alcohol Abuse and Alcoholism [NIAAA] , 2011). The NIAAA SG categorizes adolescents into risk categories, using an adolescent's response to the question assessing frequency of alcohol use in the past year. There are associated follow-up recommendations, with the cutpoint used to determine the risk categories varying by age based on previous work by Chung et al. (2012) . However, despite benefits of early identification and intervention (D'Amico, Parast, et al., 2016) , uptake and implementation of the NIAAA SG may still be difficult for providers given limited time available during a PC visit (Kelly et al., 2014; Millstein & Marcell, 2003) . One barrier for adoption of new innovations is perceived lack of fit, such as clinician beliefs that studies demonstrating the innovation's benefits "don't apply to my patients" (Greenhalgh, Robert, Macfarlane, Bate, & Kyriakidou, 2004) .
The NIAAA SG has been investigated in previous studies in a range of settings, including PC and pediatric emergency departments. It has been found to be good at identifying youth with problematic drinking levels (Clark et al., 2016; D'Amico, Parast, et al., 2016) and has good test-retest reliability and reasonably high sensitivity (0.88 -0.89) for identifying adolescents with AUD (Spirito et al., 2016) . However, prior studies have also suggested the need for different cutpoints depending on the population being screened (Kelly et al., 2014; Levy et al., 2016; Spirito et al., 2016) .
Findings that support the validity of a tool's specific cutpoints may diminish clinicians' uncertainty about whether the NIAAA SG is appropriate for their patients, increasing enthusiasm regarding its implementation (Damschroder & Hagedorn, 2011) . Although previous work has examined use and performance of the NIAAA SG, it is unknown whether alternative or further stratification, for example, by grade or gender, would result in a more accurate screening tool. Work has also not addressed whether cutpoints may vary by race/ethnicity, despite a recent finding that non-White youth report more negative consequences than White youth with similar rates of alcohol use (D'Amico, Tucker, et al., 2016) , suggesting that a lower threshold may be useful in identifying non-White youth at risk of AUD.
In this article, we address some of the uncertainty regarding NIAAA SG cutpoints and contribute new information on screening for AUD by independently validating the NIAAA SG. Given that the NIAAA SG includes a question about peer drinking but does not actually use it in determining risk level, we also examine the incremental value of the question for friend drinking behavior.
We use a large racially/ethnically diverse PC sample to (a) determine the optimal cutpoint for the NIAAA SG to identify adolescents with AUD, and (b) examine whether the optimal cutpoint should vary by gender, race/ethnicity, grade, and/or age. We specifically focus on binary risk classification using the NIAAA SG given our interest in the presence or absence of AUD (as a dichotomous outcome). We compare the independently identified optimal screening rule with the recommended NIAAA SG in terms of subgroups, cutpoints, and performance (for AUD), using sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV).
Method Procedures
Study procedures have been reported in detail previously (D'Amico, Parast, et al., 2016) and are briefly described here. This study involved four clinics (one in Los Angeles, three in Pittsburgh). We obtained a certificate of confidentiality; both the institution's institutional review board and four clinics approved procedures. Every youth Age 12 through 18 (inclusive) that came for an appointment during the study period (April 13 through November 15) was asked to be in the project. We obtained parental consent and youth assent (under 18 years) or consent (18 years). Youth were screened in person in private without a parent present using the NIAAA SG, completed a survey via the web, and were paid $25; survey responses were confidential and not shared with parents or clinics.
Setting, Participants, and Surveys
Clinics were family-based health clinics providing care for ethnically/racially diverse, underserved populations of youth. Approximately 3,309 youth were approached; of these, 27% (n ϭ 892) were ineligible because of age, lack of English proficiency, being present for an appointment other than their own, or disability status; 18.5% (n ϭ 614) declined to participate; and 6.7% (n ϭ 230) did not complete the baseline survey, resulting in a final sample of 1,573. Screening and surveys were completed in private without a parent present (D'Amico, Parast, et al., 2016) .
NIAAA SG Screener
Following the NIAAA SG criteria (NIAAA, 2011), two screening questions were asked in a different order depending on age: (a) one question regarding their own use-"In the past year, on how many days have you had more than a few sips of beer, wine, or any drink containing alcohol?"; and (b) another question regarding alcohol use by friends-"Do you have any friends who drank beer, wine, or any drink containing alcohol in the past year?" (for youth aged 12-14 years) or "If your friends drink, how many drinks do they usually drink on an occasion?" (for youth aged 15-18 years). Youth aged 12 to 14 were first asked about friend drinking and then asked about self-drinking as a less threatening way to gauge use, whereas youth aged 15 and older (and 14-year-olds in high school) were first asked about self-drinking and then asked about friend drinking. Adolescents were categorized based solely on the days of self-use question according to the NIAAA SG, which results in four risk categories: no risk, lower risk, moderate risk, and highest risk (see Appendix). For example, youth aged 12 to 15 were categorized as moderate risk if they reported 1 to 5 days of use, whereas adolescents 16 years old were categorized as moderate risk if they reported 6 to 11 days of use. Responses to the friend-drinking question are used as follows: for adolescents 14 or younger (not in high school), any drinking by friends "heightens concern," and for adolescents 14 and older, heavy drinking by friends "heightens concern" (in which the definition of heavy drinking ranges from three to five drinks depending on age and gender). The NIAAA SG recommends that youth in the lower risk category receive brief advice, youth at moderate risk receive brief advice or a motivational interviewing intervention, and youth in the highest risk category receive brief motivational interviewing and possible referral.
Because we focus on AUD (see below), we use a dichotomous categorization of risk as "low risk" versus "high risk," in which "low risk" youth are individuals identified as no risk or lower risk by the NIAAA SG, and "high risk" youth are individuals identified as moderate risk or highest risk by the NIAAA SG.
Outcome
Individuals with AUD were identified using the Diagnostic Interview Schedule for Children Version IV (Shaffer, Fisher, Lucas, & Comer, 2007) , computerized version, valid and reliable in adolescent populations (National Institute of Mental Health, 2006; Shaffer, Lucas, & Richters, 1999; Wasserman, McReynolds, Lucas, Fisher, & Santos, 2002) . We used the Diagnostic and Statistical Manual of Mental Disorders (5th ed.; DSM-5; American Psychiatric Association, 2013) criteria available in this version (see Appendix). Adolescents were classified as having AUD if they reported two or more of the 11 criteria.
Statistical Analysis
We used receiver operating characteristic (ROC) curve analyses to identify the optimal cutpoint for the NIAAA screener question on This document is copyrighted by the American Psychological Association or one of its allied publishers.
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self-use with AUD as the outcome. Optimality was defined as the cutpoint with the highest sum of sensitivity and specificity. Sensitivity is the probability that the screener correctly identifies youth with AUD, whereas specificity is the probability that the screener correctly identifies those without AUD. This approach is the same as using Youden's index, a common statistic for capturing performance of a dichotomous diagnostic test (Youden, 1950) . Pointwise 95% confidence bands were computed with 2,000 stratified bootstrap replicates (Carpenter & Bithell, 2000; Robin et al., 2011) . We then determined whether the optimal cutpoint varied by gender, race/ethnicity, grade, and/or age by using a logistic regression analysis predicting AUD from the self-use screener question, the variable of interest (e.g., gender), and an interaction between the two variables. For gender, for example, a significant interaction would indicate that the optimal cutpoint may need to differ for males versus females. For significant interactions, we then identified the optimal cutpoint stratified by each subgroup of the variable (e.g., males vs. females) using the same approach as for the entire pooled sample. For grade, we mirrored the NIAAA SG dichotomous categories by considering high school (defined as ninth grade or higher for our sample) versus not in high school (defined as fifth through eighth grade for our sample). Because of concerns about power and precision of our estimates, for all other variables considered, we only examined subgroups for which at least 10 cases of AUD were present (Peduzzi, Concato, Kemper, Holford, & Feinstein, 1996; Vittinghoff & McCulloch, 2007) . Therefore, for race/ethnicity, we considered the following categorizations: White, Hispanic, and Other (the Black subgroup had eight AUD cases, and the Other/Multiracial subgroup had three AUD cases). For age, we considered 12-to 15-versus 16-versus 17-versus 18-yearolds. We did not consider 12-to 15-year-olds individually (e.g., 12 vs. 13 vs. 14 vs. 15) because the number of cases of AUD within these age groups was too small (0 vs. 1 vs. 3 vs. 7, respectively).
Third, we examined the incremental value of the friend drinking behavior question by fitting a logistic regression model with the self-use response and the friend-use response (0 if no drinking by friends, 1 if any drinking by friends) as predictors; a significant association between the friend-use response and the outcome would indicate that this was an independent predictor of AUD. This analysis was stratified by grade given that the NIAAA SG suggests reversed ordering of the questions that is dependent upon an adolescent's grade.
We compared results to NIAAA SG cutpoints defined by age by comparing resulting sensitivity, specificity, NPV, and PPV. We had less than 1.5% of data missing for any one variable; pairwise deletion was used to handle missingness. We performed analyses using R Version 3.2.4.
Lastly, we conducted a sensitivity analysis in which analyses focused on identifying the optimal cutpoints were performed on a random half of the data (referred to as the training data) and performance was assessed on the remaining random half of the data (referred to as the testing data). This type of cross-validation analysis is often performed because it is common to observe overly optimistic prediction performance results as a result of overfitting when a "prediction rule" and prediction performance are assessed in the same data set (Steyerberg et al., 2001) . We compare these results with the main analysis.
Results
Over half of the sample was female; 85.3% was non-White, and the mean age was 15.5 years (see Table 1 ). Overall, 3.9% (n ϭ 61) of youth were identified with an AUD using DSM-5 (American Psychiatric Association, 2013) criteria, with AUD prevalence increasing by risk groups as defined by the NIAAA SG. For example, 0.3% of the no-risk youth were identified with an AUD versus 31.9% of highest risk youth. In addition, 4.1% of females and 3.5% of males were identified with an AUD, 1.7% of fifth to eighth graders and 4.5% of ninth grade and higher adolescents were identified with an AUD, and 4.3% of Whites, 5.1% of Hispanics, 1.9% of Blacks, and 2.7% of Other/Multiracial adolescents were identified with an AUD (results not shown). In terms of AUD severity, 2.2% (n ϭ 35) of youth had mild severity, 0.77% (n ϭ 12) had moderate severity, and 0.90% (n ϭ 14) had severe severity, as defined by the presence of two to three This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
symptoms, four to five symptoms, or six or more symptoms, respectively (NIAAA, 2016). Figure 1 shows the ROC curve among our entire sample with associated point-wise confidence bands. The optimal cutpoint for AUD was more than 5 days of drinking, with a resulting sensitivity of 0.869 and specificity of 0.862 (see Table 2 ).
ROC Analysis in the Overall Sample

ROC Analysis by Variable
There was no evidence that the association between the screening question and AUD varied by gender (p ϭ .314 for interaction term). There was marginal evidence that the association varied by race/ethnicity (p ϭ .08 for block test of interaction terms). Though not significant, stratified analyses were performed for exploratory purposes only. These analyses showed that the optimal cutpoint for Whites, Hispanics, and Blacks/Other/Multiracial were Ն6 days, Ն6 days, and Ն3 days, respectively.
We found that the association between the screening question and AUD varied by grade (p ϭ .001 for interaction term). Figure 2 shows the ROC curve stratified by grade. Among fifth to eighth graders, the optimal cutpoint for AUD was Ն1 day of drinking, with a resulting sensitivity of 0.833 and specificity of 0.925 (see Table 3 ). Among adolescents in ninth grade or higher, the optimal cutpoint for AUD was Ն5 days of drinking, with a resulting sensitivity of 0.907 and specificity of 0.822.
We also found a significant interaction of age (p ϭ .0006 for block test of interaction terms). Given that age and grade are This document is copyrighted by the American Psychological Association or one of its allied publishers. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
strongly correlated, we examined the area under the ROC curve (AUC) to identify which variable provided superior prediction accuracy. The AUC for the model using the grade interaction was 0.90, whereas the AUC for the model using the age interaction was 0.87, indicating that grade should be used for stratification. We then examined whether the cutpoint differed by age within each grade category. In our study, almost 99% of fifth to eighth graders were 12-to 15-year-olds. Among adolescents in ninth grade or higher in our study, 31% were 12 to 15, 22% were 16, 20% were 17, and 27% were 18 years of age. The optimal cutpoint for AUD was Ն1 day of drinking for 12-to 15-year-old adolescents in ninth grade or higher (sensitivity ϭ 1.0, specificity ϭ 0.769), Ն6 days of drinking for 16-or 17-year-old adolescents in ninth grade or higher (sensitivity ϭ 0.88, specificity ϭ 0.861), and Ն9 days of drinking for 18-year-old adolescents in ninth grade or higher (sensitivity ϭ 0.875, specificity ϭ 0.780).
Incremental Value of the Friend-Use Question
Our analysis of the incremental value of the friend-use question, stratified by grade, found no evidence that this question independently predicted AUD (p ϭ .9947 for fifth to eighth graders, and p ϭ .985 for adolescents in ninth grade or higher). Table 4 shows the resulting screening rule suggested by our analysis and compares this with the NIAAA SG rule by age and grade. The cutoffs are the same, with the exception of the 18-yearolds, for which our analysis identified 9 days as the optimal cutoff, whereas the NIAAA SG suggests a cutoff of 12 days. Table 5 shows the sensitivity, specificity, PPV, and NPV for both screening approaches applied to our study. Results are very similar, with only a slightly higher sensitivity and slightly lower PPV for the approach identified in our study compared with the NIAAA SG. Note. Optimal cutpoint (maximum of sensitivity ϩ specificity) is bolded; potential cutpoints 0 -7 days only shown here, although the potential cutpoints range from 0 to 254 days. AUD ϭ Alcohol Use Disorder. a Adolescents who reporting drinking this many days or more are considered at risk. Note. NIAAA ϭ National Institute on Alcohol Abuse and Alcoholism; SG ϭ Screening Guide. This document is copyrighted by the American Psychological Association or one of its allied publishers.
Comparison of Optimal Rule Versus NIAAA SG
For example, among those in our study identified as having an AUD, our screening cutoffs correctly identify 89% of these individuals as high risk, whereas the NIAAA correctly identifies 87% as high risk.
Sensitivity Analysis
The sensitivity cross-validation analysis identified the same cutpoints as the main analysis and performance results were similar.
Discussion
The current study adds to this burgeoning literature by examining optimal cutpoints for the NIAAA SG among a large diverse sample of youth in the PC setting by gender, race/ethnicity, age, and grade. We did not find evidence that the screening rule should vary by gender; this is similar to findings by Chung and colleagues (2012) . Though males were more likely to report drinking days in the past year compared with females (39% males vs. 35% females drank at least 1 day), this finding suggests that the association between drinking days and AUD risk is similar.
Regarding race/ethnicity, we did not find statistically significant evidence that the screening rule should vary by race/ethnicity. However, our exploratory analyses suggested that a lower threshold for Black and multiracial youth could be considered. Given that the cost of a false positive is relatively low (depending on resources), screening at a lower threshold could potentially help ameliorate disparities often seen for these groups even when drinking at similar levels as Whites. For example, previous research has shown that even with less alcohol and other drug use, non-White adults often have worse health outcomes (Lieber, 2001; Stinson, Grant, & Dufour, 2001; Whitesell et al., 2014) , and more interpersonal problems and negative outcomes from alcohol and other drug use (Danielsson, Wennberg, Tengström, & Romelsjö, 2010; Galvan & Caetano, 2003; Lopez-Viets, Aarons, Ellingstad, & Brown, 2004; Mulia, Ye, Zemore, & Greenfield, 2008) , compared with Whites. One recent longitudinal study examined functioning in high school by race/ethnicity, while controlling for level of alcohol and marijuana use, and found that Black youth reported being less prepared academically compared with White youth (D'Amico, Tucker, et al., 2016) . That is, even at the same level of alcohol and marijuana use, Black youth experienced more potentially negative consequences (e.g., less academic preparation) compared with White youth. Thus, current findings outside of this study highlight that providers in PC should address even low levels of alcohol use for non-White youth through advice or motivational interviewing, which may be protective and help youth make healthier choices in the future (D'Amico et al., 2012) . More research, in terms of potential implications for screening, is needed in this area.
Finally, results independently validate the NIAAA SG by using stratified ROC analyses and obtaining a nearly identical screening rule as the NIAAA SG. The exception was the lower cutpoint of 9 days (as opposed to 12 days) for 18-year-olds. This exception is similar to results observed by Spirito and colleagues (2016) , who found evidence of a lower optimal cutpoint for high school students when identifying adolescents with AUD. Given the importance of identifying youth with AUD and the relatively small cost of a false positive (e.g., providing brief advice or motivational interviewing to an adolescent without AUD), a lower threshold for older youth is likely warranted as it may help decrease use and problems for these youth. However, one consideration regarding false-positive cases is a clinic/provider's available resources (both staff and time) for handling identified cases, that is, providing a brief intervention and/or referral.
Although friend drinking is often associated with adolescent drinking (Jackson et al., 2014; Reifman, Barnes, Dintcheff, Farrell, & Uhteg, 1998; Simons-Morton, Haynie, Crump, Eitel, & Saylor, 2001) , we found that the friend use question did not provide any incremental value in terms of identifying youth with AUD in this cross-sectional analysis. Of note, this question is not used in the NIAAA SG to establish risk. Importantly, however, it is possible that the friend use question may be useful in predicting future risk of alcohol use or AUD and/or may differentiate between lower levels of risk (e.g., no risk vs. low risk) not examined here given that our focus was on AUD. In addition, the NIAAA screener recommends that for younger adolescents, it is important to ask about friend drinking before self-drinking as a less threatening way to gauge alcohol use (NIAAA, 2011) . This could help initiate the conversation about alcohol with an adolescent who may be reluctant to discuss their own alcohol use.
Our study has some limitations. Because these adolescents are from two geographic areas of the country, results may not generalize to the entire country. In addition, we required parental consent to participate in this study; thus, the reported prevalence of substance use may be lower than the true prevalence. However, our observed substance use rates are similar to national rates of use (Monitoring the Future, 2017). In addition, although our sample size is large, our AUD rate is relatively low; a larger sample would allow one to look at both finer categories for age, grade, and other covariates and subgroups defined by multiple covariates, such as 12-to 15-year-old female Hispanic high school students. However, it is important to keep in mind the practical limitations to implementing a screening rule that is too detailed. That is, a screening rule that is stratified by age, grade, gender, race/ethnicity, and geographic region may be too burdensome for providers to apply in busy pediatric PC settings. Lastly, although this screening rule does well in terms of identifying youth with current AUD, it would certainly be of interest to accurately identify youth that do not This document is copyrighted by the American Psychological Association or one of its allied publishers. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
currently have AUD but who may be at high risk of AUD in the future-that is, prospective predictive validity rather than current predictive ability. More research in this area is warranted.
Conclusion
Overall, results showed that the optimal screening rule was fairly similar to the current NIAAA SG with the exception of the threshold for older youth. Given the relatively small cost of a false positive, clinicians' application of a lower threshold for older youth, to increase the number of youth identified as potentially having AUD, may be protective by intervening before they experience severe consequences. In addition, findings suggest that future research may be needed to examine optimal thresholds by race/ethnicity and the feasibility and impact of implementing a race/ethnicity specific rule in practice.
